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flame or the like. Each constituent 
is maintained in liquified form and 
transferred by meant; of an individu- 
ally controlled metering pump (30, 
32. 34) to a nebulizing stage (40). 
then passed to a burner (1 2) or the 
tike from which the materials are 
converted into appropriate soots. 
The soots are then applied to a 
starting member (10) which is sub- 
sequently subjected to heat to fuse 



it into a drawing blank (16). 
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SPECIFICATION 

Deposition of vapours n optical waveguid 
blanks 

5 

This invention relates to the deposition of 
vapours and more particularly to a system for 
delivering constituents on optical waveguide 
blank to a deposition site. 

10 ft is now well known that light, whether 
modulated or unmodulated* can be caused to 
propagate within an elongate transparent 
body (such as a strand of glass or the like) in 
discrete modes if certain pre-conditions are 

1 5 met. The size of the strand, the radial grada- 
tion in refractive index, and other considera- 
tions combine to determine the effectiveness 
of the strand as a t res mining medium for 
optical communications, in order to transmit 

20 the light without an excessive "spread" 
among propagation modes, or to allow oniy 
predetermined modes of tight to propagate, 
the internal characteristics of the strand must 
be closely controlled. 

25 It is also well known that a strand appropri- 
ate for use as an optical waveguide can be 
formed by heating a cylindrical blank of a 
transparent dielectric material, such as glass, 
and drawing the blank into the desired thin. 

30 elongate structure. As is now well known to 
those skilled in the art. the structural charac- 
teristics of the waveguide closely emulate that 
of the blank from which is is drawn, particu- 
larly the gradient of the refractive index. 

35 More particularly, according to one popular 
practice a drawing blank is formed by coating 
a rotating, cylindrical starting member with 
successive layers of a sinterable glass soot. 
The soot is built up, layer by layer, from 

40 minute siliceous particles which are applied to 
the surface of the blank through the mech- 
anism of an oxidizing reaction flame or the 
like. As will be recognized by those skilled in 
the art, the flame used for sintering and 

45 transferring particles to the surface of a glass 
blank or the like has in the past been termed 
a "hydrolyzing flame". Although the precise 
phenomena involved are not yet fully under- 
stood, recent studies suggest that the actual 

50 reaction is more properly characterized as oxi- 
dation. Accordingly, the description of this 
reaction with respect to a presently preferred 
embodiment will use the term "oxidizing", it 
being recognized that the precise nature of 

55 the chemical reaction involved is not a materi- 
al factor in practising the present invention. A 
siliceous matrix material, such as silicon tetra- 
chloride, is supplied in the form of .a vapour 
t a burner from which the flame issu 

60 Other materials, h«rein tormed dopants, are 
also supplied in controlled amounts ond t 
particular times to vary the optical charact rus- 
tics of the end product. 

Tho vari us vapourized or nebulized ma* 

65 terials then combine with oxygon in the 
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burner flam to form tiny spherical particles, 
which are maintained in the molten state and 
propelled towards the surface of the blank by 
the force of the flame. In this manner the 
70 deposited materiel, commonly termed "soot", 
is laid down along a spiral locus, layer by 
(eyer, the various layers merging together to 
form a continuum. 
One process of the type described is dis- 
75 closed in U.S.A, Patent Specifications 

2,272,342-Hyde and 2,326,059-Nordberg. 
In order to effect a radial variation in the 
index of refraction of the blank material, there- 
by to provide a concentric "cladding" mem- 
80 ber lying outwardly of a center (core) portion, 
the composition of the soot is changed at a 
predetermined time. The dopants may be in- 
creased, discontinued, or otherwise changed 
so that the radially outer portion or cladding 
86 of the blank exhibits a lower index of refrac- 
tion than the inner portion thereof. The inter- 
face between the differing compositions then 
serves to define the boundary of a waveguide 
core within which optical signals may propa- 
90 gate. Explanation of this phenomenon and 
other pertinent information may be found in 
"Fiber Optics Principles and Applications" by 
N. S. Kapany, Academic Press (1967). 
In order to deliver the siliceous matrix ma- 
98 terial and dopants to the region of an oxidiz- 
ing reaction flame the materials are prepared 
in liquid form, then vaporized and convention- 
ally transported to the region of the flame by 
carrier gas such as oxygen. One example of 

100 known apparatus for carrying out this pro- 
cedure is disclosed in our U.K. Patent Specifi- 
cation No. 1,424,694, The constituents from 
which the blank is to be formed, such as 
silicon and a dopant such as germanium; are 

1 05 provided in the form of a liquid, ordinarily 
silicon tetrachloride and germanium tetrachlo- 
ride. The liquid materials are confined in 
closed reservoirs and a carrier gas such as 
oxygen is introduced Into the reservoirs be- 

110 neath the level of the liquid. The carrier gas 
then bubbles upwardly through each liquid, 
entraining vapours of the liquid and the re- 
sultant vapour is drawn from the reservoir and 
transported to the site of the oxidizing reaction 

115 flame. The silicon and the dopant there com- 
bine with free oxygen in the flame to form 
silicon oxide and dopant oxides, which ma- 
terials are deposited upon a waveguide blank 
or other substrate. 

1 20 While the foregoing system ordinarily per- 
forms adequately and is relatively straightfor- 
ward in its basics, in fact highly accurate 
control mechanisms are required to achieve 
satisfactory operation. For prior art systems of 

1 25 the type described several highly accurate 
control loops must be provided to assure the 
proper fl w of each component material. In 
particular, the mass rates of flow of the carrier 
gas through the liquids msut bo constantly 

130 monitored and closely co-ordinated, and m re- 
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over the relative delivery rates of the matrix 
material and the d pant materials must be 
closely realied. This in turn requires close 
control of liquid temperatures, levels and pres- 
5 sures. Finally, in some cases difficulty has 
been encountered in providing sufficiently 
dense vapours to the region of the oxidizing 
r action burner ("reaction burner"). 
From the foregoing, it should now be 
1 0 understood that it would be highly desirable 
to provide a system for delivering waveguide 
materials to a reaction burner or the like 
which obviates the above disadvantages, and 
provides a controllable flow of highly den- 
1 5 sified vapours of the desired materials. 
It is therefore an object of the present 
invention to provide improved apparatus for 
delivering waveguide constituents to a re- 
action burner or the like. 
*>0 It is another object of the invention to 
furnish a system for delivering waveguide 
materials which requires a less intricate con- 
trot system than prior art approaches. 

A further object of the invention is to pro- 
25 vide a system for delivering waveguide con- 
stituents from their respective reservoirs with- 
out the need for a carrier gas. 

Still another object is to furnish simplified 
apparatus for metering waveguide component 
30 materials. 

1n accordance with one aspect of the Inven- 
tion, there is provided a system including 
discharge means for depositing a fused silice- 
ous reaction product upon a substrate, com- 
35 prising: first and second reservoirs each for 
c ntaining a liquid comprising a desired re- 
action product constituent; metering pump 
m ans coupled to each of said reservoirs for 
delivering each of the liquids at a controlled 
40 flow rate: mixing means for substantially inter- 
mixing liquids received from said metering 
pump means; nebulizing means associated 
with said mixing means for converting the 
liquids to finely divided form; and conduit 
45 means for conducting the finely divided 
liquids to the discharge means. 

According to another aspect of the inven- 
tion, there is provided a vapour deposition 
system for forming an optical waveguide 
50 blank, comprising: vapour deposition means 
for receiving source material vapour entrained 
in a carrier gas and directing said vapour 
towards a starting member; a plurality of 
reservoirs for containing liquids comprising 
55 source materials: a plurality of metering pump 
means, each of which is coupled to one of 
said reservoirs for delivering controlled quanti- 
ties of at least some of the liquids; a mixing 
stage coupled in fluid receiving relationship to 
60 said metering pump means for intermixing the 
deliv red liquids: means opera tively associ- 
ated with said mixing stage for nebulizing the 
liquids; and means for delivering the nebu- 
lized liquids to said vapour deposition means. 
65 The invention also provides a method of 



f rming an optical waveguide blank, compris- 
ing the steps of providing a vapour deposition 
means for receiving source material vapour 
and directing the vapour toward a starting 
70 member; providing a starting member in 
proximate relation to said vapour deposition 
means for accumulating source material there- 
on; providing source materials in liquid form; 
delivering each of said liquids at individually 
75 controlled rates and in liquid form to a com- 
mon site; thoroughly intermixing said liquids; 
nebulizing the intermixed liquids; and de- 
livering the nebulized, mixed liquids to said 
vapour deposition means. 
80 In a preferred embodiment of the invention 
the flow of carrier gas is controlled by a mass 
flow controller, and vaporization of the inter- 
mixed liquids is encouraged by heating the 
nebulizing stage and automatically controlling 
85 the temperature thereof. Further a flow con- 
troller may be used for selevtively varying the 
outputs of the various metering pumps so as 
to vary the composition of the reaction pro- 
duct being deposited upon the substrate in a 
90 predetermined manner. 

A preferred embodiment of the invention 
will now be described with reference to the 
accompanying schematic drawing. 

Referring to the drawing, a layer of glass 
95 soot is applied to a substantially cylindrical 
starting member 10 by discharge means such 
as o flame hydrolysis burner 12. The starting 
member is rotated by means of a motor-driven 
chuck or the like 1 4, and the starting member 

100 translated before the burner so as to build up 
a generally cylindrical blank 16. For purpos s 
of explanation, the present illustration is de- 
scribed in connection with the formation of o 
blank susceptible of being drawn into an 

105 optical waveguide, although the invention is 
not necessarily limited to such applications. 
Further, techniques other than flame reaction 
may be chosen for depositing the desired 
reaction products. As is familiar to those 

110 skilled in the art. the substrate or starting 

member 10 can subsequently be removed by 
mechanical or chemical processes so as to 
leave only the deposited material. The cylin- 
drical blank is subsequently drawn into an 

115 elongate waveguide whose characteristics 

reflect the composition of the reaction product 
constituents. 

The constituents which are ultimately incor- 
porated in the reaction products are main- 

120 taincd in reservoirs 18. 20 and 22 which may 
be commercially-available pressurized tanks. 
The constituents are maintained in liquid 
form, for instance by maintaining them at 
temperatures and pressures between the solid 

125 and vapour phases ol the materials. Thus, for 
example, silicon for funning the basic mat rial 
of the end product may be supplied in liquid 
form at ambient room temperature and pros- 
sure (e.g. 20*C and one atmosphere) in th 

130 form of silicon tntrnchtoride. Other materials, 
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to be added to the siliceous matrix to vary the 
index of refraction of the glassy end product 
er confined in the other reservoirs or tanks. 
Thus, for example/ germanium in the form of 
5 germanium tetrachloride is disposed in reser- 
voir 20, while boron is provided by boron 
trichloride in reservoir 22. Appropriate valves 
24, 26 and 28 are associated with the respec- 
tive tanks for exercising some control over 

10 fluid flow if desired, and allowing the flow of 
various fluids to be completely cut off as, for 
example, for system maintenance or tank re- 
placement* Metering pumps 30, 32 and 34 
are provided, a separate metering pump for 

1 5 each constituent. The metering pumps may be 
selected from any appropriate one of the 
various commercially-available devices of this 
type, it being understood that "metering 
pumps" denotes those pumping devices 

20 which are adapatad to deliver controlled quan- 
tities of a liquid. Such devices commonly 
include a control loop which maintains the 
pump output at a fixed volume in the face of 
variations in other process parameters such as 

25 input or output pressures. One example of 
such a device is the Model 100 HPLC solvent 
metering system available from Aftex Scien- 
tific, Inc. of Berkeley, California. While the 
latter metering pumps are ordinarily intended 

30 for application in liquid chromatography sys- 
tems, it has been found that their precise fluid 
delivery characteristics are of critical impor- 
tance in the operation of the present inven* 
tion. 

35 A flow controller 36 may be provided, if 
desired, in order to change the output rate of 
each metering pump individually. With closed* 
loop metering pumps this control can be ef- 
fected by changing a setpoint value in the 

40 control loop, which in turn changes the flow 
rate which is to be maintained by the meter- 
ing pump. In a presently preferred embodi- 
ment a Model 420 microprocessor-program- 
mer, manufactured by Altex Scientific, Inc.. 

45 may be used. Alternatively a wide variety of 
devices may be adapted for supplying the 
requisite signals and it is anticipated that one 
or more rheostats, potentiometers, or active 
circuits may serve in lieu of a commercially* 

50 produced flow controller unit. 

The outputs of the various metering pumps 
are combined at, or upstream from a mixing 
stage 38 which in a preferred embodiment is 
a static mixer. As is well known by those 

55 skilled in the art. static mixers are generally 
constituted by a conduit having appropriate 
internal baffles for repeatedly dividing and 
rotating a stream of fluid introduced into tho 
device. This proc dure thoroughly int rmix s 

60 the various liquids flowing through the device 
so that a relatively homogeneous mixture r - 
suits. A pres ntly pr ferr d mixer is manufac- 
tured by Komax Systems. Inc. of Corson, 
California and designated part no. 250-021. 

65 The intermixed liquids ore then nebulized or 



vapourized by appropriate apparatus, sch ma- 
tically illustrated as a separate nebulizer 40. 
While in a preferred mbodiment a separate 
nebulizing or vapourizing stage is provided, it 

70 should be understood that it is also possible 
to cause the intermixed liquids to vaporize by 
applying the requisite amount of heat to the 
static mixer, so that the liquids are intermixed 
and vapourized in a single operation. The 

76 actual site of vapourizetion is not critical to 
the present invention; and it will be recog- 
nized that a combined nebulizer/mixer stage 
is fully equivalent to separable mixing and 
nebulizing means. In the illustrated system, 

80 wherein the nebulizer 40 is shown as a sepa~ 
rate element, the vapourizetion of the inter- 
mixed liquids can be accomplished by forcing 
them through a smalt orifice or nozzle and/or 
heating the liquids to or above their boiling 

85 temperature, as in a nebulizing tee. The tem- 
perature of the nebulizing area is maintained 
at an appropriate level by means of a temper- 
ature controller 42 or the like. A heater con- 
troller which has been found to be well 

90 adapted for use with the present invention is 
the Model 2155 Proportional Electronics Tem- 
perature Controller marketed by the Cole Pan- 
ner Instrument Company of Chicago, III. 
While such controllers are commercially avail- 

95 able and easily adapated for use in the pre- 
sent system, it should be recognized that th 
schematically illustrated controller may alter- 
natively be constituted by familiar elements 
such as rheostats, or potentiometers, coupled 
100 in combination with a thermostat or the 
tike. 

In the illustrated embodiment, a carrier gas 
such as oxygon is introduced into the stream 
of fluid flow, preferably at or subsequent to 

105 the point of vapourizetion. The rate of intro- 
duction of the carrier gas is controlled by 
mass flow controller 44. As is well known by 
those skilled in the art such controllers are 
conventionally found in fluid flow systems, 

110 and various appropriate types of controllers 
are readily commercially available. One ex* 
ample of such a controller is the Tylone model 
FC-260. available from the Tylon Corp. of 
Torranco, California. The flow rate of the 

115 oxygen is preferably controlled as a functi n 
of the flow rate of the liquid constituents so 
that an appropriate amount of oxygen is rntr - 
duced into the system. While it is deemed 
preferable to inject some amount of carrier 

1 20 gas into the system, this stop is not necessary 
?nd in fact one of the advantages of the 
present system is that a much more dens 
flow f reaction product constituents can be 
achieved inasmuch as the carrier gas is not 

1 25 relied upon as the sole means of transporting 
the reaction product as in the prior art. 

As the nebuliz d silicon and doem constitu- 
ents reach reaction burner 1 2 th y become 
mixed with an appropriate fuel, such as natu- 

130 »dl gas. and oxygen. Th co-mingled vapours. 
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oxygon and fuel, then issu from the burner 
and are ignited. In the ensuing reaction the 
silicon matrix material, and the dopant materi- 
als, are oxidized and are directed toward blank 
5 1 6 in the form of microscopic fused particles. 
The chlorine or other material with which the 
matrix and dopant materials had previously 
been combined is separated from the materi- 
als, and combines with hydrogen from the 

1 0 hydrocarbon fuel to form hydrochloric acid. 
The specific nature of the reaction depends, of 
course, upon the constituents present and the 
specific application of the invention. Such 
reactions themselves form no part of the pre- 

1 6 sent invention, and it is anticipated that other 
constituents may be used without departing 
from the thesis of the invention. In addition, 
still other forms of deposition apparatus such 
as ivPO (inside Vapour Phase Oxidation) sys- 

Jo terns, or other mechanisms which transfer the 
matrix and dopant materials to a substrate, 
may be selected for use with the invention. In 
the present illustration, it will be recognized 
that in the absence of oxygen as a carrier gas 

25 additional oxygen above and beyond the stoi- 
chiometric amount required for combustion of 
the fuel must be delivered to the burner 12. 

To operate the illustrated system, flow con- 
troller 36 is adjusted or programmed to pro- 

30 vide appropriate setpoints for the various 
metering pumps so that the latter transfer 
volumes of SiCI 4 , GeCI* and BCi, at flow rates 
which result in the desired apportionment of 
silicon, germanium, and boron. Of course, 

35 other materials may be selected for effecting 
the index of refraction of the glass to be 
formed; materials such as aluminium, anti- 
mony, lanthanum, lead, niobium, phospho- 
rous, tantalum, tin. titanium, zinc and zir- 
0 conium may be used alone or in combination. 
For proper implementation of the invention it 
is necessary that these materials be supplied 
in liquid form, or more precisely in the form 
of liquified compounds. Once valve 24, 26 

45 and 28 are opened, the associated pumps 
meter properly apportioned flows of the mate- 
rials to a static mixer 38 wherein they ere 
thoroughly mixed. 

In order to maintain the various materials in 
50 liquid form preparatory to their mixing it may 
in some instances be desirable to maintain 
thorn at below ambient temperatures, and 
accordingly a refrigerated enclosure 35 or the 
like may be provided to prevent premature 
55 vapourization. In similar fashion, materials 
having high melting p ints may be heated 
above room temperature to form a liquid. 
Once they have been mixed, however, they 
may be vapourized within the static mixer by 
60 the addition of heat, or by the use of a 
s pa rate nebulizer apparatus. A properly- 
met ere d flow of oxygen is then introduced 
int the nebulised, combined vapours and 
together they are urged to burner 12. wherein 
65 they ore combined with oxygon in the flame 
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issuing from the burner and ultimately d p s- 
ited upon the surface of blank 16. The blank, 
when completed, is porous in form and must 
be heated to fuse or "collapse" it into a 
70 monolithic glassy blank which can be drawn 
into an optical waveguide in the conventional 
manner. 

In order to vary the index of refraction of 
the waveguide structure radially, the propor- 

75 tions of the various constituents may be 
changed at a predetermined point during the 
formation of the blank. Accordingly, flow con- 
trol 36 is caused to produce a command 
signal for various ones of the metering pumps 

80 at a predetermined time, or after blank 1 6 has 
attained some predetermined size, so that the 
amount or kind of dopants are changed. Or- 
dinarily the change is such as to effect a 

utn^i anao m mc i 1 1 ovu »v « i imwa v»i »^ 

85 glass product. Accordingly, metering pump 
32 or 34 may increase its output somewhat in 
order to increase the relative flow rates of the 
GeCI 4 or 8CI 4 to static mixer 38 with the 
result that subsequent layers of blank 1 6 

90 contain a commensuratety higher percentage 
of a selected dopant and accordingly exhibit a 
higher or lower index of refraction. 

From the foregoing description, it will be 
evident that certain aspects of the invention 

95 are not limited to the particular details of th 
examples illustrated and is therefore contem- 
plated that other modifications or applications 
will occur to those skilled in the an. It may. 
for instance, be unnecessary to provide higher 
1 00 or lower than ambient temperatures at the 
metering pumps for certain constituents. Fur- 
ther, the flow controller 35 may be imple- 
mented by a computer or other data process- 
ing apparatus. Such modifications, however, 
105 are considered to be straightforward modifica- 
tions of the present system and well within 
the scope of the invention. 

CLAIMS 

110 1 . A system including discharge means f r 
depositing a used siliceous reaction product 
upon a substrate, comprising: first and second 
reservoirs each for containing a liquid com- 
prising a desired reaction product constituent; 

115 metering pump means coupled to each of said 
reservoirs for delivering each of the liquids at 
a controlled flow rate; mixing means for sub- 
stantially intermixing liquids received from 
said metering pump means; nebulizing means 

1 20 associated with said mixing means for con- 
verting the liquids to finely divided form; and 
conduit means for conducting the finely di- 
vided liquids to the discharge means. 

2. A system according to claim 1, further 
125 including means f r introducing a carrier gas 

into the flow of the liquids downstream of 
said metering pump m ans. 

3. A system according to any preceding 
claims, further including means for maintain- 

1 30 ing soid liquids below their boiling tempera- 
AO man wohj 
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tures precedent to the introduction of said 
liquids into said mixing means. 

4. A system according to claim 3. further 
including means for raising the temperature of 

5 said nebulizing means to facilitate vapouriza- 
tion of the liquids. 

5. A vapour deposition system for forming 
an optical waveguide blank, comprising 
vapour deposition means for receiving source 

1 0 material vapour entrained in a carrier gas and 
directing said vapour towards a starting mem- 
ber; a plurality of reservoirs for containing 
liquids comprising source materials; a plurality 
of metering pump means, each of which is 

1 5 coupled to one of said reservoirs for delivering 
controlled quantities of at least some of the 
liquids; a mixing stage coupled in fluid receiv- 
ing relationship to said metering pump means 
for intermixing the delivered liquids; means 

20 operativefy associated with said mixing stage 
for nebulizing the liquids; and means for de- 
livering the nebulized liquids to said vapour 
deposition means. 

6. A vapour deposition system according 
25 to claim 5, further including means for intro- 
ducing a carrier gas into the path of said 
liquids for assisting in the delivery of nebu- 
lized liquids to said vapour deposition means. 

7. A vapour deposition system according 
30 to claim 6, further including heating means 

disposed in heat transfer relationship with said 
nebulizing means for encouraging vapouriza- 
tion of the liquids. 

8. A vapour deposition system according 
35 to claim 7, wherein said mixing stage com- 
prises a static mixer. 

9. A vapour deposition system according 
to claim 6, wherein at least one of the liquids 
in said reservoirs comprises silicon, and at 

40 least one of the other liquids in said reservoirs 
comprises a dopant for affecting the refractive 
index of a siliceous optica) waveguide blank. 

10. A vapour deposition system according 
to claim 9 # further including mass flow control 

45 means for regulating the flow of said carrier 
gas into said system. 

11. A vapour deposition system according 
to claim 10, wherein the vapour deposition 
means comprises a reaction burner, and fur- 

50 ther including means for supplying a combus- 
tible gas to said burner. 

12. A vapour deposition system according 
to claim 1 1 . further including temperature 
control means operatively associated with said 

55 nebulizing means for controlling the amount 
of heat added, to the liquids. 

13. A vapour deposition system according 
to claim 5, further including means for auto- 
matically controlling the volumes of liquids 

60 delivered by said metering pumps to thereby 
determine the proportions of source materials 
delivered to said vapour deposition means. 

14. A vapour deposition syst m substan- 
tially as described with referenco to the ac- 

65 companying drawing. 
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15. A method of forming an optical wave- 
guide blank, comprising the steps of: provid- 
ing a vapour deposition means f r receiving 
source material vapour and directing the 

70 vapour toward a starting member; providing a 
starting member in proximate relation to said 
vapour deposition means for accumulating 
source materia! thereon; providing sourc ma- 
terials in liquid form; delivering each of said 

75 liquids at individually controlled rates and in 
liquid form to a common site; thoroughly 
intermixing said liquids; nebulizing the inter- 
mixed liquids: and delivering the nebulized, 
mixed liquids to said vapour deposition 

80 means. 

16. A method according to claim 1 5, fur- 
ther including the step of introducing gaseous 
oxgen at a predetermined rate into the path of 
the said liquids to entrain and assist in carry- 

85 ing vapounzed liquids to said vapour deposi- 
tion meana. 

17. A method as claimed in claim 16, 
further including the step of heating the inter- 
mixed liquids to facilitate the vaporization 

90 thereof. 

18. A method according to claim 1 7. fur- 
ther including the step of changing the re- 
lative rates at which certain of the liquids ar 
delivered to the common point to effect 

95 changes in the refractive index of the portion 
of the waveguide blank formed by sub- 
seqently-deiivered source material. 

19. A method of forming a optical wave- 
guide blank substantially as described with 

100 reference to the accompanying drawing. 

20. An optical waveguide blank produced 
by the method claimed in any one of claims 
15 to 19. 
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